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Global and Region-Specific Analyses of Apparent
Diffusion Coefficient in Dentatorubral-

ORIGINAL i X
researcH | Pallidoluysian Atrophy
T. Kin BACKGROUND AND PURPOSE: Dentatorubral-pallidoluysian atrophy (DRPLA) is an autosomal dominant
M. Hirano spinocerebellar ataxia. Techniques for the quantitative assessment of neurodegenerative lesions
T. Taoka remain to _be gstablished ir_w this disegse. We attempted _to quantify global and region-specific neuro-
Y. Furiya degeneration in DRPLA using analysis of apparent diffusion coefficient (ADC) maps.
H. Kataoka METHODS: Diffusion-weighted images (b = 1000 s/mm?) by echo-planar sequences were obtained
o with the use of a 1.5T clinical scanner. Whole-brain histogram and region of interest (ROI) analyses of
K. Kichikawa ADC values as well as conventional MR imaging studies were performed in 6 patients with genetically
S. Ueno confirmed DRPLA.

RESULTS: Histograms demonstrated significantly higher mean ADC values in the patients than in age-
and sex-matched control subjects (P < .01). ROl analysis revealed that the patients had significantly
higher ADC values in the cerebellum and globus pallidus, preferentially affected regions (P < .05), but
not in the thalamus, the region relatively spared in this disease. ADC values in the white matter were
higher only in patients with adult-onset disease. Histogram analyses could more sensitively identify
abnormalities than ROl analyses, because the former avoided errors associated with setting ROls and
thus had smaller P values on statistical analysis than the latter.

CONCLUSIONS: Histogram ADC analyses were more sensitive for the detection of neurodegeneration
in DRPLA than ROI analyses, whereas ROl analyses revealed regional alterations reflecting the
distribution of pathologic changes. Thus, histogram and ROl analyses complement each other and may
permit the sensitive, quantitative evaluation of neurodegeneration in DRPLA, especially that involving

D entatorubral-pallidoluysian atrophy (DRPLA) is an auto-
somal dominant spinocerebellar ataxia caused by CAG
repeat expansions in the DRPLA gene."” Clinical manifesta-
tions depend on the age at onset of disease and the size of the
repeat expansions and include ataxia, choreoathetosis, and de-
mentia in adult-onset disease and progressive myoclonus ep-
ilepsy in juvenile-onset disease.” Despite the distinct pheno-
types of these types of DRPLA, neurodegeneration commonly
occurs in the basal ganglia (especially the globus pallidus),
cerebral white matter, brain stem, and cerebellum.* Neurode-
generation can be qualitatively evaluated by conventional MR
imaging in most of these regions, excluding the basal ganglia’;
however, techniques for quantitative assessment remain to be
established. To this end, analysis of apparent diffusion coeffi-
cient (ADC) maps has been found to be a reproducible, sensi-
tive, and quantitative technique for detecting increased water
diffusion in neurodegenerative lesions.® In particular, histo-
gram ADC analysis of the whole brain has been shown to more
sensitively detect global abnormalities than conventional re-
gion of interest (ROI) measurements because of smaller inter-
study variations.” We report ADC findings obtained by histo-
gram analyses of the whole brain combined with ROI analyses
in 6 patients with genetically confirmed DRPLA.

Received September 9, 2005; accepted after revision December 1.

From the Department of Neurology (T.K., M.H., Y.F., HK., S.U.) and Radiology (T.T., K.K.),
Nara Medical University, Kashihara, Nara, Japan.

Address correspondence to Dr. Makito Hirano, Department of Neurology, Nara Medical
University, 840 Shijo-cho, Kashihara, Nara 634-8522, Japan; e-mail: hirano_makito@
yahoo.co.jp

the globus pallidus showing normal T2 signals.

Methods

Subjects

Six patients with genetically confirmed DRPLA (juvenile-onset in 3
and adult-onset in 3; 3 men and 3 women; age range, 26—56 years;
mean age, 40.8 years), including 2 parents (patients 1 and 2) and their
offspring (patients 4 and 5, respectively) pairs, and 6 age- and sex-
matched healthy control subjects were studied. All 12 subjects were
Japanese and resided in a similar geographic location. No patient had
a history of any other neurologic diseases. Informed consent was ob-
tained from all patients or their guardians as well as from all control
subjects before genetic analysis or MR imaging studies. The clinical
features of the patients are summarized in the Table.

MR Imaging

All MR images were obtained with a 1.5T whole-body MR system
(Magnetom Sonata, Siemens, Erlangen, Germany) using turbo spin-
echo sequences for T1- and T2-weighted imaging (repetition time
[TR]/echo time [TE] = 450/9 for T1-weighted imaging; TR/TE =
4000/123; echo-train length [ETL] = 11 for T2-weighted imaging)
and a multisection, single-shot, echo-planar sequence (TR/TE = 180/
96, b = 1000 s/mm?; matrix, 128 X 128; field of view, 230 mm) for
diffusion-weighted (DW) imaging. Three experienced neurologists
independently evaluated atrophy of the cerebrum and cerebellum on
T1-weighted imaging and signal intensity changes in the globus pal-
lidus, thalamus, and white matter on T2-weighted imaging according
to a 4-grade scale (severity, — to ++ +). If the scores did not agree,
that agreed on by 2 of the neurologists was adopted. Nineteen contig-
uous diffusion-weighted sections were then acquired on axial planes
perpendicular to the brain stem with a single-shot echo-planar se-
quence. Diffusion-sensitizing gradients were applied along the 6 axes,
using b values of 0 and 1000 s/mm”. ADC maps were created by
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Fig 1. Histogram analyses. Representative measurements of a control subject, a patient with juvenile-onset DRPLA, and a patient with adult-onset DRPLA are plotted (/eft). The peak heights
were lower and peak locations higher in patients with DRPLA than in controls, with greater changes in adult-onset disease. Mean ADC values were significantly higher in patients with
DRPLA (P) than in age- and sex-matched control subjects (C) (center). Mean ADC values were higher in adult-onset disease than in juvenile-onset disease (right).

signals obtained from images with the 2 b values (b = 0 and 1000). For
each DW section, a mean diffusivity (D) map, representing the diffu-
sivity derived from the 6 measurements in orthogonal directions, was
computed on a PC workstation with the use of image processing soft-
ware (Dr. View/LINVX R1.0; Asahikasei Information System, Tokyo,
Japan). Whole-brain parenchyma ADC histograms were then com-
puted. To exclude CSF spaces from the ADC map histograms, CSF
segmentation was performed on a preselected intracranial volume
using a threshold value corresponding to the mean ADC of CSF mi-
nus 2 SD for each patient. This procedure should enable exclusion of
97.5% of the CSF-containing pixels, assuming a Gaussian distribution
of the CSF ADC values.® To correct for intersubject differences in
brain volume, each histogram was normalized by dividing the height

Clinical, genetic, and neuroradiologic information of patients with
DRPLA

Adult-Onset
Juvenile-Onset Cases Cases
Patient
No.: 1 2 3 4 5 6

Age (y) 26 28 29 53 56 53
Sex F M F M M F
CAG repeat 65 65 60 63 60 59
Duration (y) 10 15 10 10 15 10
Onset (y) 16 13 19 43 41 43
Epilepsy +++ ++ + = - -
Dementia + +  + ++ A+ttt
Ataxia ++ + — ++ ++ ++
Chorea + - - +  ++ +
MR images
Atrophy

Cerebrum — - - + + +

Cerebellum + + + ++ + +
T2 high-signal GP - - - = - -

Thalamus - - - - - -

+ o+ ++

White matter - —

Note:—DRPLA indicates dentatorubral-pallidoluysian atrophy; GP, globus pallidus; —, not
apparent; +, mild; ++, moderate; +++, severe.
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of each histogram bin by the total number of pixels contributing to
the histogram. For each histogram, the following measures were then
derived: relative peak height, peak location ADC value, and the means
of these values. The regional ADC was evaluated from circular ROIs,
~5 mm in diameter, placed in the right external globus pallidus,
thalamus, temporal white matter, and cerebellum (inset of Fig 2). The
ROIs were carefully defined to avoid partial volume effects of CSF.

Statistical Analyses

ADC values in patients were compared with those in age- and sex-
matched control subjects. We also compared ADC values in adult-
onset patients with those in juvenile-onset patients, the values in
adult-onset patients with those in corresponding control subjects, or
the values in juvenile-onset patients with those in corresponding con-
trol subjects. The statistical significance of differences between groups
was analyzed with the use of either the Welch ¢ test or Student ¢ test.
Pvalues of less than 0.05 were considered to indicate statistical signif-
icance. Correlations of the number of CAG repeats with mean ADC
values, peak height of ADC histograms, and peak locations of ADC
histograms were assessed by linear regression analysis.

Results

Histogram Analyses of the Whole Brain

The mean whole-brain ADC value in the patients with DRPLA
(1.249 = 0.120 X 10> mm®/s, mean *+ SD) was significantly
higher (P < .001; ¢ test) than that in the age- and sex-matched
control subjects (0.924 * 0.068 X 107> mm?/s) (Fig 1). Peak
location (0.766 + 0.047 X 107> mm?®/s) was significantly
higher (P < .05; t test) and peak height (0.035 = 0.008, nor-
malized pixel number) was significantly lower (P < .001;
t test) in patients than in control subjects (0.688 = 0.041 X
1072 mm?/s, 0.057 = 0.002). The mean whole-brain ADC
value in adult-onset DRPLA (1.339 X 10~ 3=+ 0.081 X 10°
mm?/s) was significantly higher (P < .05; t test) and peak
height (0.029 = 0.004) was significantly lower (P < .05; t test)
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Fig 2. Region of interest (ROI) analyses. ROIs were set in the globus pallidus (white
arrowhead), thalamus (black arrowhead), temporal white matter (white arrow), and cere-
bellum (black arrow). The ADC values in the globus pallidus and cerebellum of patients with
DRPLA (P) were significantly higher than those of age- and sex-matched control subjects
(C). In contrast, the ADC values did not differ in the thalamus. ADC values in the white
matter were higher in patients with adult-onset disease (AP) than in age-matched control
subjects (AC). ADC values in the white matter did not differ significantly between patients
with juvenile-onset disease (JP) and age- and sex-matched control subjects (JC).

than the respective values in juvenile-onset DRPLA (1.125 *
0.028 X 107> mm?/s, 0.041 * 0.006). Linear regression anal-
ysis showed no significant correlation of the mean ADC value,
peak height, or peak location of the DRPLA patients with ei-
ther the duration of disease or the number of CAG repeats. In
this study, the age- and-sex matched control subjects showed
no significant physiologic increase in the mean ADC value
(r=0.619; P = .190),”'° perhaps because the number of sub-
jects was smaller than that in previous studies.

ROI-Based Analyses

ADC values at the globus pallidus (0.823 * 0.051 X 107>
mm?/s) and cerebellum (1.748 = 0.575 X 10~ > mm?/s) in the
patients with DRPLA were significantly higher (P < .05; t test,
P <.05; t test) than those in the age- and sex-matched control
subjects (0.760 = 0.047 X 107> mm?/s, 0.872 = 0.126 X 107>
mm?®/s) (Fig 2). The ADC value at the thalamus did not differ
significantly between the patients (0.833 = 0.084 X 107>
mm?®/s) and control subjects (0.753 = 0.033 X 10~> mm?/s).
The ADC value at the white matter in the patients with adult-
onset disease (1.030 = 0.087 X 10> mm?/s) was significantly
higher (P < .05; t test) than that in control subjects (0.730 =
0.017 X 10> mm?/s). The ADC values at the white matter did
not differ significantly between the patients with juvenile-on-

set disease (0.790 * 0.017 X 10> mm?/s) and the control
subjects (0.803 = 0.031 X 10~ mm?/s).

Discussion

Our study demonstrated, for the first time to our knowledge,
that mean ADC values on whole-brain histogram analysis
were higher in patients with DRPLA than in age- and sex-
matched control subjects. Although the number of subjects
was small, the histogram shapes obtained for the patients were
considerably altered, with significantly lower peak height and
higher peak location compared with the control histograms.
These findings suggest that ADC analyses are useful to assess
neurodegeneration in DRPLA. This notion is supported by the
fact that DRPLA involves both gray and white matter, and
involvement of either of these regions has been extensively
documented by ADC analyses in gray matter diseases (eg, Alz-
heimer disease) as well as in white matter diseases (eg, multiple
sclerosis).!"1?

It is noteworthy that patients with adult-onset DRPLA
showed a more abnormal histogram shape and thus higher
mean ADC values than did patients with juvenile-onset dis-
ease, despite similar disease durations in both types of DRPLA.
This finding may not be attributed solely to the physiologic
age-dependent increase in ADC values, because the increment
(19.1%) was much larger than values expected (1.5-6.8%,
corresponding to the mean age difference of 26.3 years) based
on calculations with the formulas used in previous studies.”"°
Thus, more severe neurodegeneration in patients with adult-
onset disease was suggested but was inconsistent with the fact
that they had shorter mean CAG repeat expansions, reflecting
milder neurotoxicity of the resulting polyglutamine protein."”
ADC findings, however, were in accord with our results of
conventional MR imaging in adult-onset patients, indicating
increased T2-signal intensity in the white matter and more
severe atrophy in the cerebrum and cerebellum. Our ADC
findings also agree with the previously reported pathologic
characteristics of white matter changes between adult- and
juvenile-onset patients.'* Possible explanations for the incon-
sistency between MR imaging or pathologic findings and the
smaller number of CAG repeats include a longer subclinical
period before recognizable clinical onset in adult-onset pa-
tients; ie, clinical onset of disease is more obscure in adult-
onset DRPLA with chronic dementia or ataxia than in juve-
nile-onset DRPLA with epilepsy. Although the presence of
such a subclinical period has yet to be established in this dis-
ease, it is partly supported by the findings of previous MR
imaging studies of another triplet repeat disease, adult-onset
Huntington disease, which has a subclinical period of approx-
imately 6 years."”

To examine the relation between the high mean ADC val-
ues on histogram analysis and regional alterations, we per-
formed ROI analyses. Our results showed significantly higher
ADC values in the globus pallidus and cerebellum, regions
preferentially involved in DRPLA. The high ADC value in the
globus pallidus was especially important clinically, because
conventional MR imaging in the present on previous studies
detected no or mild abnormalities in this region.” Previous
studies have demonstrated pathologic alterations in the globus
pallidus, even with a normal T2 signal intensity.'® Thus, ADC
findings might more sensitively reflect microscopic neurode-
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generation than T2 signal intensity changes. White matter
showed significantly increased ADC values only in adult-onset
disease associated with high T2 signals, not in juvenile-onset
disease with normal T2 signals. This finding is consistent with
the results of a previous study of juvenile-onset patients whose
ages and CAG repeats were similar to those of our patients,
showing no or only mild pathologic alterations in the white
matter.'* In contrast, no significant changes in either type of
disease were found in the thalamus, the region relatively
spared in DRPLA.'” All of these findings indicate that the high
mean ADC values in the whole brain resulted from increased
ADC values in preferentially affected regions, the cerebellum
and globus pallidus, suggesting that our data closely reflected
the pathologic effects of this disease. However, confirmation
should await further studies because of the small number of
the patients evaluated.

In summary, histogram and ROI analyses in this study
demonstrated significantly higher ADC values in patients
with DRPLA than in well-matched control subjects. Histo-
gram analyses were more sensitive than ROI analyses for the
detection of neurodegeneration in DRPLA, because the
former method avoided errors associated with setting ROIs
and thus had smaller P values on statistical analysis than the
latter method. Despite lower sensitivity, ROI analyses re-
vealed regional alterations reflecting the reported distribu-
tion of pathologic changes. Thus, histogram and ROI anal-
yses complement each other and may permit the sensitive
and quantitative evaluation of neurodegeneration in
DRPLA, especially that involving the globus pallidus show-
ing normal T2 signals. Automated quantitative methods
such as whole-brain ADC analysis are likely to play an im-
portant role in future therapeutic clinical trials, which may
include studies currently being conducted for other triplet
repeat diseases sharing a common polyglutamine-mediated
mechanism of pathogenesis'®'® (eg, studies of phenylbu-
tyrate, a histone deacetylase inhibitor, in patients with
Huntington disease).
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